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Abstract. Liver is the organ central to intermediary metabolism and mitochondria isolated from rat liver 
offer many advantages when considering the study of mitochondria function/dysfunction in pathology as 
well as the effects of pharmacological agents. AIM: The present study was purported to develop and 
standardize the technique of differential centrifugation for rat liver mitochondria isolation in order to 
perform in vitro studies of respirometry. METHODS: The polarographic method consists of measuring the 
oxygen consumption by means of a Clark-type oxygen electrode. Oxygen consumption was assessed at 
37ºC in the presence of complex I (NAD-linked) and complex II (FAD-linked) dependent substrates, 
respectively. Basal (state 2) and ADP-stimulated (state 3) respiratory rates were recorded and expressed as 
nmolO2/min/mg of mitochondrial protein. The respiratory control index (RCI) was calculated as the ratio 
of State 3 and State 2 respiration rates. Integrity of mitochondria was checked by means of cytochrome c 
addition. RESULTS: A mean value of 6.59 ± 0.75 for the RCI with complex I dependent substrates (n=6) 
and of 3.87 ± 0.71 for complex II (n=5), respectively, was obtained. CONCLUSION: The standardized 
technique for liver mitochondria isolation provides a reliable method for the assessment of mitochondrial 
respiratory function in the presence or absence of pharmacological agents.  
 





The liver plays the central role in intermediary metabolism and biotransformation of 
ingested xenobiotics. Moreover, in malignancy due to its complex vascularization, it represents 
one of the first organs affected by metastases. Mitochondria are special organelles in eukaryotic 
cells that efficiently convert energy available in the substrate molecules to ATP, the universal 
fuel for cellular processes. Oxidative phosphorylation is a key pathway used by the most aerobic 
cells to harvest energy, e.g., about 40–50% of ATP in the liver is produced by mitochondria.  
Therefore, the normal function of all other processes within hepatocytes is ultimately 
dependent on the energy production in mitochondria (Benard et al., 2007).  
Liver mitochondria are the most thermodynamically efficient at ATP production using 
oxidative phosphorylation (Cairns et al., 1998).The aim of the present study was to develop and 
standardize the technique of rat liver mitochondria isolation by differential centrifugation in order 




MATERIALS AND METHOD 
 
Isolation of Rat Liver Mitochondria All investigations were conformed to the Guide for 
the Care and Use of Laboratory Animals (US National Institute of Health no. 85-23, revised 
1996) and were approved by the Ethics and Deontology Committee of our university.  
All reagents were analytical grade or of highest purity commercially available. Adult 
female Sprague-Dawley rats weighing 250-300 g fed ad libitum and housed at a 12 h light/dark 
cycle were anesthetized with xylazine (5 mg/kg) and ketamine (20 mg/kg) intraperitoneally.  
The livers were quickly removed, cleansed of connective tissue, fat and blood and rinsed 
in ice-cold 0.9% KCl solution. The tissue was minced with scissors to fragments smaller than 0.5 
cm in a Petri dish and then manually homogenized in a glass - teflon pestle homogenizer in 25 ml 
Buffer 1 which contains 210 mM mannitol, 70 mM sucrose, 10 mM HEPES (pH = 7.4), 

































Fig. 1.  Schematic protocol of rat liver mitochondria isolation. 
 
Mitochondria were isolated by differential centrifugation (Hettich Rotina 38R 
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5 min at 4°C. The supernatant, obtained by filtration, containing the mitochondrial fraction, was 
centrifuged at 7000 x g for 10 min at 4°C in order to obtain the sediment of the mitochondrial 
fraction. The resulting mitochondrial pellet was washed in Buffer 2 containing 210 mM mannitol, 
70 mM sucrose, 10 mM HEPES (pH 7.4). The final centrifugation was performed at 7000 x g for 
10 min at 4°C. The final mitochondrial pellet was resuspended in 0.25 ml Buffer 2 and kept on 
ice throughout the experiment.  
Protein concentration was determined by the biuret method (Gornall et al., 1949) after 
mitochondria solubilization with 1% deoxycolate, using BSA as standard. A mean value of 99.9 
± 10.7 mg mitochondrial proteins/mL suspension was obtained from one liver.  
The final mitochondrial protein concentration in the Clark electrode chamber for all 
experiments was 1 mg/mL. The protocol for mitochondria isolation by means of differential 
centrifugation is presented in Fig. 1. 
 
Respirometry Measurements 
Mitochondrial oxygen consumption was measured at 37°C using a Clark-type electrode 
(Hansatech Instruments Ltd.) in 1 ml Buffer 3 containing 100mM KCl, 2 mM KH2PO4, 10 mM 
HEPES and 1 mM MgCl2 (pH 7.4). Respiration rates were expressed as nmolO2/min/mg 
mitochondrial protein. The respiratory control index (RCI) was calculated as the ratio of State 3 
and State 2 oxygen consumption rates.  
Data were recorded with the Oxygraph Plus software. Results are expressed as the mean 
± S.D.  The protocol of respirometry followed a classical sequence of additions. At the beginning 
we measured the basal (State 2) respiration rate (Vo) of mitochondria (1 mg/ml – final 
concentration) in the presence of either complex I (glutamate + malate) or complex II (succinate) 
dependent substrates. Then, 3 mM ADP was added in the electrode chamber and State 3 
respiration rate (VADP) was recorded. In State 3, ADP is rephosphorylated, and it reflects the 
maximal capacity of mitochondria to synthesize ATP, which positively depends on the degree of 
coupling. Finally, State 4 respiration rate (VATR) was measured after addition of atractyloside. 
Atractyloside inhibits the ADP/ATP translocator and the access of ADP to mitochondria, and 
therefore results in a decrease in the State 3 respiration rate. 
The intactness of the outer mitochondrial membrane was checked by the subsequent 
addition of exogenous cytochrome c in the metabolic State 4 (VCYT).  A stimulation of respiration 
by exogenous cytochrome c indicates the loss of cytochrome c from mitochondria due to damage 




A total number of 15 animals were used, 8 for measuring complex I dependent 
respiration and 7 for complex II dependent respiration, respectively. For each animal a number of 
four respirometric tracings were recorded according to the protocols presented below (as shown 
in Fig. 2 and 3). We started with the measurement of complex I respiratory rates in the presence 
of glutamate/malate (5 mM/5 mM – final concentration) immediately after mitochondria 
isolation. Mitochondria suspension was added to the electrode chamber and basal respiration rate 
(State 2, in absence of ADP) was recorded for 2 minutes followed by the recording of State 3 
(ADP-stimulated) respiration rate (Fig. 2). The mean values for V0 (State 2) and VADP (State 3) 
were 8.20 ± 2.30 nmolO2/min/mg and 46.24 ± 11.54 nmolO2/min/mg, respectively. The 
respiration was significantly stimulated by ADP, showing that the respiration of mitochondria is 
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tightly coupled with the phosphorylation and synthesis of ATP. The respiratory control index 
(RCI) was calculated as the ratio of State 3 and State 2 respiration rates. Our results showed a 
mean value of 6.59 ± 0.75 for the RCI which is consistent with data from early literature in the 


















Fig. 2. Typical Complex I dependent respiratory activity of rat liver mitochondria isolated by 
differential centrifugation. Respiratory substrates were glutamate/malate: 1 - State 2 (in absence of ADP); 


















Fig. 3. Typical Complex II dependent respiratory activity of rat liver mitochondria isolated by 
differential centrifugation. Respiratory substrate was succinate. 1-State 2 (in the absence of ADP); 2 - 
State 3 (ADP- stimulated); 3 - State 4 (after addition of cytochrome c); 4 - State 4 after addition of 
atractyloside. 
 
An identical sequence of additions was applied to measure State 2, State 3 respiratory 
rates and RCI with succinate (15 mM – final concentration) as respiratory substrate and in the 
presence of amytal (1 mM – final concentration) that was added to inhibit complex I (Fig. 3). A 
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mean value of 15.59 ± 4.13 nmolO2/min was obtained for State 2. The ADP-stimulated 
respiration (State 3) was increased by addition of ADP to 59.41 ± 12.44 nmolO2/min/mg.  
The RCI values for complex II was 3.87 ± 0.71. Each day 2 animals were sacrificed in 
order to perform respirometry measurements.  
No significant differences were found among the daily values for respiratory rates and 
RCI, respectively, regardless the respiratory substrates (p > 0.05, ANOVA test). bFig. 2 and 3 are 
representative tracings of original respirometric measurements. In both cases we tested the 
integrity of outer mitochondrial membrane by the subsequent addition of exogenous cytochrome 
c (32 µM – final concentration) in the metabolic State 4. VCYT respiration rate after 
administration of exogenous cytochrome c was not further enhanced, indicating that the isolation 




Mitochondria isolation from rat liver offer several advantages over those from other 
organs. The use of mild homogenization procedures, the homogeneity of the liver population (at 
variance from the heart where two populations have been described already as early as late 70s - 
Palmer et al., 1977), the applicability of liver mitochondria as normal control for those derived 
from hepatomas (Kim et al., 2006), the possibility to study the effects of pharmacological agents 
(Carvalho et al., 2008; Dani et al., 2010; Singh & Rana, 2010) and plant extracts (Lim et al., 2009; 
Chudapongse et al., 2010) on liver in normal and pathological conditions are some of the 
considerations that make rat liver a very suitable source for preparing mitochondria. 
Mitochondria have two different complexes for converting substrate to energy. Complex 
I respiration reflects the global cellular NADH production from fatty acid oxidation, the 
tricarboxylic acid (TCA) cycle and glycolysis. Complex II receives FADH2 directly from 
succinate dehydrogenase and thus is only dependent on the mitochondrial TCA cycle 
(Trumbeckaite et al., 2009). With complex I substrates (glutamate/malate), RCI has higher values 
as compared to the ones recorded with succinate, the complex II dependent substrate. Our results 
are in agreement with this observation and the values of respiratory parameters that have been 




The standardized technique for liver mitochondria isolation provides a reliable method for 
performing in vitro studies of respirometry in order to assess the effects of pharmacological and 
phytotherapeutical agents on mitochondrial function in normal and pathological settings. 
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